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PATENT 
0020-4960P 



IN THE U.S. PATENT AND TRADEMARK OFFICE 



Applicant : 



IMANISHI, Hiroyuki et al . 



Int * 1 . Appl . No . : 



PCT/jPOO/05674 



Appl . No . : 



New 



Group : 



Piled: 



February 25, 2 0 02 



Examiner : 



For: 



METHOD FOR STABILIZING FLUORINE- 
CONTAINING COPOLYMER 



PRELIMINARY AMT^NDMKNT 



BOX PATENT APPLICATION 

Assistant Commissioner for Patents February 25, 2002 

Washington, DC 20231 

Sir: 

The following Preliminary Amendments and Remarks are 
respectfully submitted in connection with the above -identified 
application. 



IN THE SPECIFIGATTQNt 

Please amend the specification as follows: 

Before line 1, insert --This application is the national 
phase under 35 U.S. C. § 371 of PCT International Application No. 
PCT/JPOO/05674 which has an International filing date of August 
24, 2000, which designated the United States of America. 



AMENDMBNT5 



Docket No. 0020-4960P 

IN THE CLATMS i 

Please amend the claims as follows: 

4. (Amended) The method for stabilizing a melt-processable 
fluorine-containing copolymer according to claim 1 or 2, wherein 
said fluorine -containing copolymer is a copolymer of at least two 
monomers selected from the group consisting of 
tetraf luoroethylene , hexaf luoropropylene , perf luoroalkyl vinyl 
ethers, ethylene and vinylidene fluoride. 



^ 6. (Amended) The method for stabilizing a melt-prcessable 

w fluorine-containing copolymer according to claim 1 or 2, wherein 
m said fluorine -containing copolymer is heated to a temperature of 
360 to 430^0 for 10 minutes or less before reheating. 



fu 

ry 
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7. (Amended) The method for stabilizing a melt-prcessable 
fluorine -containing copolymer according to claim 1 or 2, wherein 

said fluorine-containing copolymer has a melt viscosity of 0.1 to 
100 kPa.s at 372°C. 



8. (Amended) The method for stabilizing a melt-processable 

fluorine -containing copolymer according to claim 1 to 2, wherein 

the reheating in the closed apparatus is continuously carried 
out . 
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Docket No. 0020-4960P 

REMARKS 

The specification has been amended to provide a cross- 
reference to the previously filed International Application. 

The claims have been amended to correct improper multiple 
dependent claims and to place the application into better form 
for examination. Entry of the above amendments is earnestly 
solicited. An early and favorable first action on the merits is 
earnestly solicited. 

Attached hereto is a marked-up version of the changes made 
to the application by this Amendment. 
^1: If necessary, the Commissioner is hereby authorized in this, 

y concurrent, and future replies, to charge payment or credit any 

in overpayment to Deposit Account No. 02-2448 for any additional 
s 

Q fees required under 37 C.F.R. § 1.16 or under 37 C.F.R. § 1.17; 

fij 

PJ particularly, extension of time fees. 

Respectfully submitted, 
BIRCH, STEWART, KOLASCH & BIRCH, LLP 
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D. Meikle, #32,868 



P.O. Box 747 

ADM/cqc Falls Church, VA 22040-0747 

0020-4960P (703) 205-8000 

Attachment: VERSION WITH MARKINGS TO SHOW CHANGES MADE 

(Rev. 02/21/02) 



3 



Docket No- 0020-4960P 
The claims have been amended as follows: 



4. (Amended) The method for stabilizing a melt-processable 
fluorine -containing copolymer according to [any one of claims 1 
to 31 claim 1 or 2 , wherein said fluorine -containing copolymer is 
a copolymer of at least two monomers selected from the group 
consisting of tetraf luoroethylene, hexaf luoropropylene, 
perf luoroalkyl vinyl ethers, ethylene and vinylidene fluoride. 

^ 6. (Amended) The method for stabilizing a melt-prcessable 

s . S 

^ fluorine -containing copolymer according to [any one of claims 1 
to 5] claim 1 or 2 , wherein said fluorine -containing copolymer is 

O heated to a temperature of 360 to 430®C for 10 minutes or less 

f11 



III before reheating. 

m 



m 

.5%y 



7. (Amended) The method for stabilizing a melt-prcessable 
fluorine-containing copolymer according to [any one of claims 1 
to 6] claim 1 or 2/ wherein said fluorine -containing copolymer has 
a melt viscosity of 0.1 to 100 kPa.s at 372 °C. 



8. (Amended) The method for stabilizing a melt-processable 
fluorine-containing copolymer according to [any one of claims 1 
to 71 claim 1 to 2 , wherein the reheating in the closed apparatus 
is continuously carried out. 
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DESCRIPTION 

METHOD FOR STABILIZING FLUORINE-CONTAINING COPOLYMER 

Field of the Invention 

The present invention relates to a method for stabilizing 
a fluorine-containing copolymer. In particular, the present 
invention relates to a method for improving the thermal stability 
of a melt-processable fluorine-containing copolymer. 
Background Art 

For example, when an emulsion polymerized copolymer of 
tetraf luoroethylene and hexaf luoropropylene is melt processed to 
obtain a final product, bubbles or voids may form due to volatile 
materials in the final product. The volatile materials are 
generated from polymer chain terminals and polymer backbones which 
are unstable against heat and/or shear force. If such unstable 
sites are stabilized during melt processing, the volatile 
materials still remain in the polymer processed, and thus the 
bubbles and voids may form when the polymer is processed to the 
final product. 

JP-A-56-44883 discloses a method for reducing the content 
of volatile materials in a tetraf luoroethylene- 
hexafluoropropylene copolymer to 70 % or less of the initial 
content of the volatile materials by heating the copolymer which 
is statically placed on a pan or a mesh in an open condition, for 
example, in an electric furnace. However, the treatment in the 
open condition can hardly avoid the migration of foreign materials 
from outside to the heating process. Although the content of the 
volatile materials can be reduced by static heating, when the 
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filling depth of the copolymer increases, the treating time is 
prolonged with the influence of diffusion of the volatile 
materials, and also the treatment inside the layer of the copolymer 
filled becomes less uniform. To decrease the filling depth of 
5 the copolymer, a dish or a mesh having a large area is necessary. 
As a result, a large apparatus is required. 
Disclosure of the Invention 

An object of the present invention is to provide a method 
for effectively decreasing the content of volatile materials in 
H 10 a melt-processable fluorine-containing copolymer, which has been 
P once molten, without using a large apparatus while avoiding the 
ip contamination of the copolymer with foreign particles. 

m 

^ According to the present invention, the above object is 

yi 

^ achieved by a method for stabilizing a melt-processable 

fll 15 fluorine-containing copolymer comprising heating and melting the 

fl 5 

|5 copolymer and then reheating the copolymer in a closed apparatus 
p under a non-static condition, whereby a content of volatile 

materials in the copolymer is reduced to 30 % or less of an initial 
content of volatile materials. 
20 The "content of volatile materials" used herein is expressed 

by a percentage {%) of a weight loss of the copolymer after heating 
the dried copolymer at 380 under an absolute pressure of about 
10 mmHg for 30 minutes based on the weight of the dried copolymer 
before heating. 

25 The melt-processable fluorine-containing copolymer to be 

treated by the method of the present invention may be any one of 
known melt-processable fluorine-containing copolymers. 
Examples of the melt-processable copolymer include copolymers of 



at least two monomers selected from the group consisting of 
tetraf luoroethylene (TFE) , hexaf luoropropylene (HFP) , 
perfluoroalkyl vinyl ethers ;r ethylene (E) and vinylidene fluoride 
(VdF) ^ vinylidene fluoride homopolymer, etc. In particular, a 
TFE-HFP-perf luoroalkyl vinyl ether copolymer containing 8 to 25 % 
by weight of HFP and 0 to 5 % by weight of the perf luoroalkyl vinyl 
ether is preferable. 

Here, the perf luoroalkyl vinyl ether is preferably a vinyl 
ether of the formula: 

CF2=CF0(CF2)^F 
wherein m is a number of 1 to 6, or the formula: 

CF2=CF[0-CF2CF(CF3) ] nOCsF^ 
wherein n is a number of 1 to 4 . 

The melt-processable fluorine-containing copolymer is 
preferably prepared from the above monomers by emulsion or 
suspension polymerization. 

When the copolymer is a tetrafluoroethylene- 
hexaf luoropropylene copolymer (FEP), a TFE -perf luoroalkyl vinyl 
ether copolymer (PFA) or a TFE-HFP-perf luoroalkyl vinyl ether 
copolymer, it preferably has a melt viscosity of 0.1 to 100 kPa.s 
at 372^C. 

In one preferable embodiment, the method of the present 
invention includes two-step treatment comprising the steps of 
heating the fluorine-containing copolymer at a temperature of 360 
to 430 ""C for 10 minutes or less to melt the copolymer, and then 
reheating the copolymer at a temperature from 130**C to the melting 
point of the fluorine-containing copolymer, preferably from 150 ®C 
to the melting point of the fluorine-containing copolymer. 
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The first heating step may comprise heating the copolymer 
with an extruder or heating the copolymer which is statically 
placed on a dish in an electric furnace equipped with a means to 
avoid the migration of foreign materials into the furnace. 
5 When the temperature in the first heating step is lower than 

36CC, the unstable sites at the copolymer chain terminals and 
in the copolymer backbones are not sufficiently stabilized. 
Therefore, even if the copolymer is reheated in the second step 
to decrease the content of the volatile materials, the copolymer 
Ij 10 may be bubbled in the melt processing of the copolymer to produce 
Q the final product. 

In the method of the present invention, the heating in the 
second step can decrease the content of the volatile materials 
while maintaining the figure of the fluorine-containing copolymer 
m 15 which has been molten in the first step and shaped in a desired 

ry 

figure . 

Wi The heating in the second step is carried out in a 

temperature range from 130**C to the melting point of the 
fluorine-containing copolymer according to the relationship: 
20 log t = 6.12 - 0.0119T 

wherein t is a treating time (hours) and T is a treating temperature 
(absolute temperature K) 
to reduce the volatile materials. 

When the temperature in the second step is lower than 130 °C, 
25 the treating time is extended, and furthermore the volatile 
materials are not sufficiently decreased. 

When the heating in the second step is continuously carried 
out, hot air flowing at a superficial velocity of 0.8 m/sec. or 
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less, preferably 0*05 to 0,5 m/sec. is used as a heating source, 
or such hot air is used in combination with heat conduction from 
the equipment wall. 

When the heating in the second step is continuously carried 
5 out/ preferably a residence time in the apparatus is controlled 
uniformly, and the properties of the product exited from the 
apparatus are made uniform. 

In the case of continuously charging and discharging the 
copolymer, when the superficial velocity of the hot air exceeds 
10 0.8 m/sec, the copolymer may be floated and mixed under the 
influence of the air flow and pressure of the hot air and thus 
^ it may become difficult to carry out the heating so that the 
copolymer uniformly containing the volatile materials is 
obtained. 



In 



ru 15 The heating apparatus used in the present invention is not 

^\ 

m an open one but is a closed one which is closed during heating. 

m The apparatus may be a vertical one or a horizontal one. 

Herein, the "closed apparatus" means, either in a continuous 
process or in a batch process, an apparatus the interior atmosphere 
20 of which is not in direct contact with outside atmosphere during 
heating, and into which, only an air containing the controlled 
number of foreign materials having the limited maximum particle 
size is introduced through a filter, etc. except a part through 
which the copolymer is introduced in and removed from the apparatus . 
25 That is, it is not necessary to completely shield the interior 
atmosphere from the outside atmosphere (atmospheric air) . 

Herein, the term " non-static condition" is used to exclude 
the heating of the copolymer which is statically placed in a 
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container such as a dish. For example, in the case of a continuous 
process, this term means a condition of a moving layer such that 
the particles of the copolymer are filled in the apparatus in a 
layered state, and they continuously move through the apparatus 
5 according to the feeding rate of the copolymer and finally exit 
from the apparatus* In the case of a batch process, this tena 

g means a state where the copolymer is forcibly floated or f luidized 
with an agitator, etc. 

The apparatus used for reheating may be a batch type one 

1=^ 10 or a continuous type. A temperature distribution and the 



p distribution of a decreasing rate of the volatile material can 

d 

^0 be controlled in relatively narrow ranges by continuously charging 



5 V 



and discharging the copolymer, and thus the fluorine-containing 
copolymer which does not suffer from bubbling can be constantly 



pj 15 produced. 

ru 

lS In the case of a vertical continuous apparatus, a moving 



layer type one is advantageous, in which the copolymer is charged 
to an upper part of the apparatus and heated while it moves from 
the upper part to the lower part, and then it exits from the lower 
20 part of the apparatus . In the case of a horizontal batch apparatus, 
it is efficient to f luidize the fluorine-containing copolymer with 
an agitator such as a hot-air drier, a heat conduct ion- transfer 
drier, etc. 

The migration of the foreign materials from outside can be 
25 prevented by forcibly supplying hot air to heat the copolymer in 
the closed apparatus. In the case of the moving layer type 
vertical apparatus for continuous processing, for example, rotary 
valves are provided at a charging part and a discharging part and 
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the interior pressure is made slightly higher than the atmospheric 
pressure, whereby the migration of the foreign materials into the 
apparatus can be prevented. 

Furthermore, a apparatus for continuously cooling the 
5 fluorine-containing copolymer may be installed downstream the 
reheating apparatus to cool the copolymer to a temperature, at 
which the copolymer is finally shipped, or lower, for example, 
60**C or lower. 
Examples 

M 10 The present invention will be illustrated by the following 



p examples, 



111 



Hereinafter, the "content of volatile materials" is 
expressed by a percentage (%) of a weight loss of the copolymer 

^ after heating the dried copolymer at 380°C under an absolute 

P 

15 pressure of about 10 mmHg for 30 minutes based on the weight of 



•5 W 



m 



the dried copolymer before heating. 

The bubbling test is carried out by heating a molded sheet 
of the copolymer having a thickness of 2. 0mm at 300^C for 10 minutes 
to melt the sheet. When the generation of bubbles in the sheet 
20 is observed with an eye, it is ranked "Bubbling", while the 
generation of bubbles is not observed, it is ranked "No bubbling" . 

The presence of foreign materials is evaluated by observing 
the presence of the foreign materials in a disc-shape sheet having 
a thickness of about 3 mm and a diameter of 120 mm, which is molded 
25 at 370**C. 

Example 1 

A TFE-HFP-perf luoropropyl vinyl ether copolymer, which was 
prepared by suspension polymerization, was used as a 
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fluorine-containing copolymer. 

This copolymer had a melt viscosity of 2.3 kPa.s, a content 
of volatile materials of 0.88 % by weight before extrusion, a HFP 
content of 11 . 5 % by weight, and a content of perfluoropropyl vinyl 
ether of 0.9 % by weight. 

The copolymer was washed and dried, and then extruded at 
a residence time of 2 minutes at STO^'C with a single screw extruder 
having an inner diameter of 95 mm and a L/D ratio of 30. The 
extruded fluorine-containing copolymer was pelletized with a 
pelletizer, and then continuously charged and reheated in a moving 
layer, which was designed so that a residence time was 5 hours 
at 200''C. Hot air as a heat source was continuously supplied to 
a reheating apparatus at a superficial velocity of 0.35 m/sec. 
after removing foreign materials with passing the hot air through 
a filter (cutting 99.97 % of 3 pm particles) . 

The reheating apparatus had a height of 3, 650 mm and an inner 
diameter of 850 mm. A cone-form punching metal was provided at 
the lower part of the apparatus to separate a hot air inlet from 
the moving layer. Thereby, the discharging of the pellets was 
facilitated. 

The pellets, which were continuously discharged from the 
reheating apparatus, were then charged in a cooling apparatus and 
cooled to 60**C or lower, and continuously collected. 

The pellets, which were collected from the cooling apparatus, 
contained 0.23 % by weight of the volatile materials, which was 
26 % of the initial content of the volatile materials (0.88 % by 
weight) . In the biabbling test, no bubble was observed, and no 
foreign material was contained in the pellets. 



Comparative Example 1 

The pellets, which were collected after extrusion and before 
reheating in Example 1, had a content of volatile materials of 
0.75 % by weight, and bubbles formed in the bubbling test. 

Comparative Example 2 

The pellets, which were collected after extrusion and before 
reheating in Example 1, were statically placed on a dish in an 
electric furnace in a depth of about 20 mm and reheated at 200''C 
for 5 hours . The content of the volatile materials after reheating 
was 0.31 % by weight. That is, the content of the volatile 
materials decreased to 35 % of the initial content of the volatile 
materials and thus no bubble formed in the biibbling test . However, 
the pellets were contaminated with foreign materials from outside 
in the reheating step in the electric furnace, and a plurality 
of black foreign particles were observed with an eye. 

The above results are summarized in Table 1. 



Table 1 





Content of volatile materials 
[percentage based on initial 
content of volatile 
materials] 


Presence 
of foreign 
materials 


Bubbling 
test 


Ex. 1 


0.23 wt. % [26 %] 


No 


No bubbling 


G. E. 1 


0.75 wt. % [85 %] 


No 


Bubbling 


C. E. 2 


0.31 wt. % [35 %] 


Yes 


No bubbling 



Example 2 

The same fluorine-containing copolymer as one used in 
Example 1 was extruded with a single screw extruder having an inner 
diameter of 95 mm and a L/D ratio of 30 at 375*'C at a residence 
time of 2 minutes. The extruded pellets were conveyed with an 
air which was passed through a filter (cutting 99.97 % of 3 pm 
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particles) so that the pellets were not in direct contact with 
the outside atmosphere, and continuously charged in amoving layer, 
which was designed so that a residence time was 1 .5 hours at 235**C, 
and reheated with a hot air under the same conditions as those 
5 in Example 1 . 

The pellets discharged from the extruder had a content of 
volatile materials of 0.14 % by weight, which was 16 % of the initial 
content of the volatile materials. No bubbling was observed in 
the bubbling test. 
10 Comparative Example 3 

P The pellets, which were collected after extrusion and before 

^ reheating in Example 2, had a content of volatile materials of 

5p 0.68 % by weight, and biibbles formed in the bubbling test. 

m. ' 

» Comparative Example 4 

■ O 

pj 15 The pellets, which were collected after extrusion and before 

T' ' 

yi reheating in Example 2, were statically placed on a dish in an 
^ electric furnace in a depth of about 150 mm and reheated at 235**C 

for 1.5 hours. 

The content of the volatile materials in the upper part of 
20 the accumulated pellets (a depth of 25 mm from the surface of the 
accumulated layer of the pellets) was 0.18 % by weight, and no 
bubble formed in the bubbling test. 

However, the content of the volatile materials in the lower 
part of the accumulated pellets near the dish (a layer of 0 to 
25 30 mm from the bottom surface of the dish) was 0.41 % by weight. 
That is, the content of the volatile materials was decreased only 
to 47 % of the initial content of the volatile materials, and 
bubbling was observed in the bubbling test. This is because the 
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thickness of the pellet layer filled in the dish was large, and 
the influence of diffusion of volatile materials could not be 
negligible so that the volatile materials could not be reduced 
in the lower part in the dish. 

Like Comparative Example 2, the pellets were contaminated 
with foreign materials from outside in the reheating step in the 
electric furnace, and a plurality of black foreign particles were 
observed with an eye. The foreign particles were found not only 
in the upper part but also in the lower part. 

The results in Example 2 and Comparative Examples 3-4 are 
summarized in Table 2. 
Table 2 





Content of volatile materials 
[percentage based on initial 
content of volatile 
materials] 


Presence 
of foreign 
materials 


Bubbling 
test 


Ex. 2 


0.14 wt. % [16 %] 


No 


No bubbling 


C. E. 3 


0.68 wt. % [77 %] 


No 


Bubbling 


C. E. 4 

(upper 
part) 


0.19 wt. % [22 %] 


Yes 


No biibbling 


C. E. 4 

(lower 
part) 


0.41 wt. % [47 %] 


Yes 


Bubbling 



Comparative Example 5 

15 The pellets, which were extrusion molded in the same way 

as in Example 2, were continuously charged to a moving layer in 
a vertical cylinderical apparatus, which was designed so that a 
residence time was 24 hours at 120**C, to reheat the pellets. Hot 
air as a heat source was continuously supplied to the cylindrical 

20 apparatus at a superficial velocity of 0.40 m/sec. after passing 
the hot air through a filter (cutting 99.97 % of 3 jam particles) ♦ 



12 



The pellets discharged from the cylindrical apparatus had a 
content of volatile materials of 0.56 % by weight. Thus, the 
content of volatile materials decreased only to 64 % of the initial 
content of volatile materials, and bubbling was observed in the 
bubbling test. 
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CLAIMS 

1. A method for stabilizing a melt-processable 
fluorine-containing copolymer comprising heating and melting said 
copolymer and then reheating said copolymer in a closed apparatus 

\ 5 under a non-static condition, whereby a content of volatile 

materials in the copolymer is reduced to 30 % or less of an initial 
content of volatile materials. 

2. The method for stabilizing a melt-processable 
fluorine-containing copolymer according to claim 1, wherein a 

10 reheating temperature is from 130°C to a melting point of said 
y fluorine-containing copolymer. 

^= 3. The method for stabilizing a melt-processable 

^ fluorine-containing copolymer according to claim 1 or 2, wherein 

W the reheating step is carried out with suppressing migration of 

S 15 foreign materials from outside to said closed apparatus. 

pj 4. The method for stabilizing a melt-processable 

fluorine- containing copolymer according to any one of claims 1 
to 3, wherein said fluorine-containing copolymer is a copolymer 
of at least two monomers selected from the group consisting of 
20 tetraf luoroethylene, hexaf luoropropylene, perf luoroalkyl vinyl 
ethers, ethylene and vinylidene fluoride. 

5. The method for stabilizing a melt-processable 
fluorine-containing copolymer according to claim 4, wherein said 
fluorine-containing copolymer is a tetraf luoroethylene- 

25 hexafluoropropylene-perf luoroalkyl vinyl ether copolymer 

containing 8 to 25 % by weight of hexaf luoropropylene and 0 to 
5 % by weight of the perf luoroalkyl vinyl ether. 

6. The method for stabilizing a melt-processable 



fluorine-containing copolymer according to any one of claims 1 
to 5, wherein said fluorine- containing copolymer is heated at a 
temperature of 360 to 430**C for 10 minutes or less before 
reheating. 

7. The method for stabilizing a melt-processable 
fluorine-containing copolymer according to any one of claims 1 
to 6, wherein said fluorine-containing copolymer has a melt 
viscosity of 0.1 to 100 kPa.s at 372*'C. 

8. The method for stabilizing a melt-processable 
fluorine-containing copolymer according to any one of claims 1 
to 7, wherein the reheating in the closed apparatus is continuously 
carried out. 



0 
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ABSTRACT 

After a melt-processable fluorine-containing copolymer is 
heated and molten, the copolymer is reheatd in a closed apparatus 
under a non-static condition at a temperature of, for example, 
5 ISCC to the melting point of the fluorine-containing polymer, 
whereby a content of volatile materials in the copolymer is reduced 
to 30 % or less of an initial content of volatile materials. 
Thereby, the content of volatile materials in the melt-processable 
fluorine-containing copolymer, which has been once molten, can 
10 be effectively decreased without using a large apparatus while 



13 avoiding the contamination of the copolymer with foreign 
particles . 
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